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William Graeme Laver (Graeme) Ph.D. FRS 1929–2008While Graeme Laver claims to have been motivated by scientiﬁc
curiosity rather than by humanitarian endeavors his fundamental
understanding of the inﬂuenza virus led to the current options used to
control both seasonal and pandemic inﬂuenza globally. These include
the development of one of the ﬁrst subunit inﬂuenza vaccines still
being produced in Australia and the development of the ﬁrst of a
family of drugs against the inﬂuenza viral neuraminidase.
Graeme was a superb bench scientist who grew up through the
ranks at the Walter and Eliza Hall Institute (Hall Institute) in
Melbourne, Australia. His parents Laurence and Madge Laver owned
a potato farm at Kinglake, Victoria and in his early years Graeme
was schooled by correspondence. The family lost the farm duringdoi:10.1016/S0042-6822(09)00096-8the depression and they moved to Melbourne where Graeme
attended Ivanhoe Grammar School. At the age of 16 Graeme
began work as a “bottle washer” and general laboratory helper at
the Hall Institute and matriculated (graduated) by attending night
school. He continued working at the Hall Institute and supported
himself through Melbourne University graduating with a BSc.
Subsequently he did an MSc in biochemistry at Melbourne
University and was supported in his PhD at London University by
a Commonwealth Scientiﬁc and Industrial Research Organization
(CSIRO) scholarship.
Throughout his entire life Graeme was an adventurer; during his
student years as amountaineer hemet his wife, Judy. After completing
his PhD in London he and Judy in 1955 drove a small “Standard 10”
(English Standard Motor Company) across country back to Australia
through Europe, Turkey, Iran, Afghanistan, Pakistan and India to
Mumbai (Bombay) then by ship to Australia. They camped en route
and were occasionally advised to move on due to bandits and
“enjoyed” whole legs of camel, and as guests of honor the eyeballs at
impromptu feasts. Upon arrival in Mumbai Graeme found a letter at
the post ofﬁce from Frank Fenner offering him a job at the John Curtin
School of Medical Research at the Australia National University (ANU)
in Canberra, Australia.
He accepted the position in the Department of Microbiology at
ANU and teamed up with Stephen Fazekas de St. Groth and myself
(Rob Webster) to work on inﬂuenza virus. Graeme used his extensive
background in chemistry to study the structure of the virus. Being a
lipid containing virus he used lipid solvents to take the virus apart. At
that time ether was being used to disrupt the virus to make vaccines.
Graeme found that ether was a very poor disrupting agent and turned
to the mild detergent sodium deoxycholate and the “particles were
completely disrupted”. This important contribution appeared in the
Discussion and Preliminary report section of Virology (Virology 1961,
14, 499–502) and formed the basis for the subunit vaccine currently
used in Australia. This vaccine was non-reactogenic in children as
compared with the earlier whole virus inactivated vaccine. The ANU
paid 10 shillings each to Laver and Webster and patented the process.
Studies with Robin Valentine of the National Institute of Medical
Research in London determined the morphology of hemagglutinin
(HA) and neuraminidase (NA) and their clusters in rosettes (Virology
1969, 38, 105).
Studies on the natural history of inﬂuenza viruses and the
establishment of the role of migratory waterfowl as reservoirs of
inﬂuenza viruses was begun using Ochterloney plates on The Great
Barrier Reef islands off the Queensland coast of Australia. Faint
precipitin bands in the agar gel between disrupted inﬂuenza virus and
the sera frommutton birds (Pufﬁnus Paciﬁcus) appeared right there on
the reef. An earlier die off of mutton birds on the coast near Bateman’s
Bay, New South Wales may have served as the initial pointer for an
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Tern/South Africa/61 (H5N3). Multiple trips to the Great Barrier Reef
resulted in, ﬁrst the conﬁrmation of antibodies to the NA of human
H2N2 inﬂuenza in the mutton bird sera and later in the isolation of
multiple inﬂuenza A viruses. These ﬁndings provided the original
evidence for the role of migratory waterfowl as the reservoirs of all
inﬂuenza A viruses.
Inﬂuenza viruses are notoriously variable. Our current knowledge
of the mechanism of both antigenic drift and shift of inﬂuenza virus
came from Graeme’s peptide mapping and antigenic studies. In the
early 1960’s antigenic shift and drift were not distinguished; antigenic
shift was considered to be a more pronounced antigenic change-
presumably by mutation in the circulating virus. After the emergence
of the Hong Kong H3N2 pandemic in 1968 comparison of the isolated
HA with that of the preceding H2N2 virus showed vast differences in
peptide maps indicating that there was no way that H3 could have
arisen from H2 by mutation (Virology 1972, 48, 445). Further analysis
of inﬂuenza viruses from horses (A/Equine/Miami/1/63 (H3N8) and
ducks (A/Duck/Ukraine/1/63 (H3N8) antigenically related to the newly
emerged human H3 viruses showed that while the HA1 portions of
the HA had differences by peptide mapping the HA2 portions of the
molecule were essentially identical (Virology 1973, 51, 383) providing
the initial evidence that the HA came from an animal source by
reassortment.
To mimic antigenic drift swine inﬂuenza virus was grown in the
presence of antisera made essentially monoclonal by partial
adsorption with homologous antigen. Virus grown in the presence
of this serum was antigenically distinct and peptide mapping
showed that the HAs were almost identical except for one or two
peptides that had shifted position (Virology 1968, 34, 193). This
provided the ﬁrst biochemical evidence that antigenic drift occurred
by mutation in the HA. Subsequent studies with monoclonal
antibodies to the HA showed that escape mutants had single
amino acid changes in deﬁned regions (epitopes) on the HA
permitting antigenic mapping of the HA molecule. Electron micro-
scopy studies of these antibodies with isolated HA in conjunction
with Nick Wrigley established that the antibody binding sites were
on the outer tip of the HA molecule.
Continuation of Graeme’s initial structural studies of inﬂuenza
viruses led to the crystallization of the “heads” of the NA and this
keynote paper appeared in Virology in 1978 (Virology 1978, 96, 78).
These studies led to the resolution of the three dimensional structure
of the NAwith Peter Colman and Jose Varghese (Nature 1983, 303, 35)
enabling Mark von Itzstein to design the ﬁrst anti-inﬂuenza drug
zanamivir (Relenza) based on NA structure. Although Relenza is
efﬁcacious against all inﬂuenza A and B viruses its route of
administration as an aerosol powder was not well accepted and
development of an orally available anti-neuraminidase drug oselta-
mivir (Tamiﬂu) by Gilead Sciences was based in part on crystals
derived from a novel inﬂuenza virus isolated from a Noddy Tern on
The Great Barrier Reef. Photographs of these NA crystals appeared on
the cover of many journals and Graeme and the photographer Julie
Macklin were awarded the Nikon “Small World” prize in 1987. In 1996
in recognition of the contribution to the development of anti-
neuraminidase drugs Graeme together with Peter Colman, Mark von
Itzstein and Paul Janssen were awarded the Australia Prize.
In addition to his studies on inﬂuenza viruses Graeme also made
contributions to our knowledge of adenoviruses and parainﬂuenza
viruses. One of his passions later in life was the growth of perfect
crystals of sialidases-including the NA’s of inﬂuenza. He worked withRussian scientists to grow NA crystals on the MIR space station at zero
gravity. The resulting crystals were little better than those grown on
earth but Graeme’s sense of adventure in cutting through Australian,
United States and Soviet red tape was his personal achievement.
Graeme’s outdoor activities in addition tomountaineering and birding
on Barrier Reef Islands included the raising of beef cattle on their
family farm at Murrumbateman-near Canberra, Australia. Graeme
loved to collect and chop his own ﬁrewood, he grew grapes for wine
and had a large vegetable garden fertilized by rich compost.
In recognition of his many contributions to our knowledge of
inﬂuenza viruses Graeme Laver was elected to the Royal Society of
London in 1987. His ﬁnal goal was to have anti-inﬂuenza drugs made
available over-the-counter (OTC) in Australia. He argued that when
the next human inﬂuenza pandemic spreads that the drugs must be
immediately available in a patient’s own medicine cabinets and that
distribution from stockpiles would be too slow. Authorities argued
against his proposal saying that this would lead to antiviral resistance.
The current emergence of resistance to Tamiﬂu in seasonal H1N1
inﬂuenza from Northern Europe where little Tamiﬂu was used argues
against selection by the drug. Graeme died as he lived challenging the
foundations of knowledge and the search for novel approaches. At the
age of 79 he was on his way to the Third European Inﬂuenza
Conference in Vilamoura, Portugal (September 14–17, 2008) when he
collapsed en route. The airport authorities at Heathrow Airport,
London cleared the airspace to get him to medical attention rapidly.
He lived long enough to realize the mayhem he had caused but was
unaware that he had terminal abdominal cancer. He had hoped to
meet with colleagues to promote the distribution of anti-inﬂuenza
drugs OTC.
One of Graeme’s great successes was the organization of small
scientiﬁc meetings at key times in superb venues. He organized 10
such meetings at places like Rougement, Baden, Thredbo (Australia),
Cold Sydney Harbor, Beijing, Hawaii and London. Probably the most
memorable was the Thredbo meeting in the Snowy Mountains of
New South Wales, Australia when various HA sequences were being
worked on in several laboratories. As participants arrived they were
given a box of amino acid cards and told to post their sequence
around the room. The participants were ﬁrst in shock but soon “got
with it” and had a lot of fun comparing their sequences and
working out possible consequences of the differences. Graeme was
rarely a diplomat and often upset people with his quest for
understanding questions at the fundamental level. There was one
certainty to working with Graeme-your ideas were sometimes
ridiculed before being accepted and you could never get away with
merely accepting conventional thinking. He had an extraordinary
ability to get to the heart of a scientiﬁc question and to design the
direct experiment.
Graeme hadmany international collaborators; in the early years he
was given use of a NASA communications satellite and later global
telephone coverage. He contributed enormously to the “animal
inﬂuenza” aspects of the World Health Organization program on
inﬂuenza with Martin Kaplan and Bernard Easterday. His contribu-
tions to our knowledge of the structure, origin and methods of control
of both seasonal and pandemic inﬂuenza are continuing through his
multiple collaborators.
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